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(54) Patent Title: 



Semiconductor single crystal production method and 
solid semiconductor raw material ingot used therein 



(57) [Abstract] 

[Purpose] To provide a semiconductor single crystal production method and 
solid semiconductor raw material ingot used therein that supply the raw 
semiconductor ingot without contaminating the single crystal production 
apparatus, thereby improving the single crystallization yield without 
extending the cycle time required for a single pulling operation. 
[Means of Solution] A semiconductor single crystal production method that 

possesses a process for affixing a solid raw semiconductor ingot M to a 
holding means S 2 that is provided on the seed crystal S, a process for melting 
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crystal. The single crystal chamber was then closed and after the internal 
atmosphere was brought to the same conditions as those of the oven chamber, 
the gate valve was opened, the seed crystal and silicon polycrystal ingot were 
lowered into contact with the silicon melt remaining in the guartz crucible, 
completely melting the silicon polycrystal ingot. 

[0058] The yield of the resulting dislocation-free silicon single crystal 

is shown in Table 1. In this comparison example, the gate valve was opened 
and closed once. After the part of the seed crystal corresponding with the 
holding means was then melted, a silicon single crystal was pulled by the 
usual method. The yield of the resulting dislocation- free silicon single 
crystal is shown in Table 2. In this condition of embodiment, the gate valve 
was closed and then opened only once. 

(0062] Comparison Example 2 (Rechargi ng System) 

One silicon single crystal pulling operation was performed according to 

the usual method, using the pulling apparatus shown in Figure 9. The 

resulting single crystal was raised into the single crystal chamber and 

removed after closing the gate valve. 

[0063] Next, a 50kg columnar silicon polycrystal ingot was installed 

using a special holding means in place of the single crystal that had been 
pulled. The single crystal chamber was then closed and after the internal 
atmosphere was brought to the same conditions as those of the oven chamber, 
the gate valve was opened, the silicon polycrystal ingot was lowered into 
contact with the silicon melt remaining in the quartz crucible, melting the 
silicon polycrystal ingot. The holding means was then raised into the single 
crystal chancer and the gate valve was closed to isolate it from the oven 
chamber, after which, the single crystal chamber was opened and the special 
holding means was replaced with a silicon seed crystal for single crystal 
pulling. The single crystal chamber was then closed, and after the internal 
_.__v,„^ ,.,« hrn,,«hr to the same conditions as those of the oven chamber, 
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substantially the entire raw semiconductor ingot that is affixed to the 
holding means S 2 and accommodating same inside a vessel 6, and a process for 
growing a single crystal Ig by bringing the seed crystal S into contact with 
the raw semiconductor melt in the vessel 6. 



[Scope of the Patent Claim] 

[Claim 1] A semiconductor single crystal production method in which a 
semiconductor single crystal is grown from a seed crystal by bringing said 
seed crystal into contact with a raw semiconductor melt contained inside a 
vessel, wherein which semiconductor single crystal production method is 
characterized by possessing possesses a process for affixing a solid raw 
semiconductor ingot to a holding means that is provided on the seed crystal, a 
process for melting substantially the entire raw semiconductor ingot that is 
affixed to the holding means and accommodating same inside a vessel, and a 
process for growing a single crystal by bringing the seed crystal into contact 
with the raw semiconductor melt in the vessel. 

[Claim 2] The semiconductor single crystal production method disclosed in 
Claim 1, which is characterized by possessing a process for having the 
semiconductor melt already placed inside the vessel, which process precedes 
the aforementioned process for melting substantially the entire raw 
semiconductor ingot that is affixed to the holding means. 

[Claim 3] The semiconductor single crystal production method disclosed in 
Claim 2, which is characterized by the aforementioned process for having the 
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semiconductor melt already placed inside the vessel being a process in which 
raw semiconductor material is melted inside the vessel at the very start of 
semiconductor single crystal production. 

[Claim 4] The semiconductor single crystal production method disclosed in 
Claim 2, which is characterized by the aforementioned process for having the 
semiconductor melt already placed inside the vessel being a process in which 
raw semiconductor melt from preceding semiconductor single crystal production 
is left inside the vessel. 

[Claim 5] The semiconductor single crystal production method disclosed in 
any one of Claims 1 through 4, which is characterized by the aforementioned 
semiconductor single crystal production method being Czochralski' s method. 
[Claim 6] The semiconductor single crystal production method disclosed in 
any one of Claims 1 through 5, which is characterized by the solid 
semiconductor ingot being a silicon polycrystal and the seed crystal being a 
silicon single crystal. 

[Claim 7] A solid raw semiconductor ingot that, in a raw semiconductor 
material used in the semiconductor single crystal production method in which a 
semiconductor single crystal is grown from a seed crystal by Czochralski ' s 
method by bringing said seed crystal into contact with the raw semiconductor 
melt in a vessel, is characterized by the raw semiconductor ingot being held 
by a holding means that is provided on the aforementioned seed crystal. 
[Claim 8] The solid raw semiconductor ingot disclosed in Claim 7, which is 
characterized by the aforementioned holding of the solid raw semiconductor 
ingot being accomplished by linking a catch provided in said raw semiconductor 
material to a holding means provided in the seed crystal. 

[Claim 9] The solid raw semiconductor ingot disclosed in Claim 8, which is 
characterized by the aforementioned holding means provided in the seed crystal 
being a disk-shaped catch, and by the catch provided in the solid raw 
semiconductor ingot possessing a linkage groove into which the aforementioned 
seed crystal is fitted and a void into which the aforementioned disk-shaped 
catch on the seed crystal is fitted. 
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[Claim 10] The solid raw semiconductor ingot disclosed in Claim 8 or 9, which 
is characterized by the aforementioned seed crystal and solid raw 
semiconductor material both being column-shaped. 

[Claim 11] The solid raw semiconductor ingot disclosed in Claim 10, which is 
characterized by the diameter of the aforementioned disk-shaped catch on the 
seed crystal being 3 to 4 times greater than the diameter of the column-shaped 
seed crystal. 

[Claim 12] The solid raw semiconductor ingot disclosed in any one of Claims 7 
through 11, which is characterized by the solid semiconductor ingot being a 
silicon polycrystal and the seed crystal being a silicon single crystal. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention pertains to a semiconductor 
single crystal production method and the solid raw semiconductor ingot that is 
used therein, and more specifically pertains to a semiconductor single crystal 
production method and the solid raw semiconductor ingot that is used therein 
that provide for an improved raw semiconductor material supply method and 
improved single crystallization yield. 
[0002] 

[Prior Art] The semiconductor single crystal production method commonly used 
to manufacture semiconductor wafers is one in which a raw semiconductor 
polycrystal material is melted and a semiconductor single crystal is grown 
from a seed crystal by bringing said seed crystal, which is made from single 
crystal, into contact with said raw material melt. 

[0003] For example, a method for producing silicon single crystal ingots 

by Czochralski' s method (hereinafter, referred to as the CZ method) consists, 
as shown in Figure 10, of filling a quartz crucible 43, which is situated 
inside the oven component chamber 4 2 of a single crystal production apparatus 
41, with silicon polycrystal raw material m 0 in the form of irregularly shaped 
chunks, and after then heating and completely melting the silicon polycrystal 
m 0 with a heater that is situated around the outside of the quartz crucible 
43, dipping a seed crystal S 0 that is mounted on a seed chuck 45 into the 
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silicon melt and pulling the seed crystal S 0 , while rotating the seed crystal 
S 0 and the quartz crucible 43, to grow a silicon single crystal Ig 0 . 
[0004] Since the raw silicon polycrystal material commonly used is in the 

form of irregularly shaped chunks, the chunks of silicon polycrystal m 0 that 
fill the quartz crucible 43 are heaped up, as shown in Figure 10, making it 
difficult to fill the quartz crucible with a large quantity at one time. In 
addition, an expensive new quartz crucible 42 must be used each time a single 
crystal is pulled, increasing the pulling cost. 

[0005] Therefore, a so-called raw material replenishing system has been 

proposed as a measure to reduce costs. In this raw material replenishing 
system, a gate valve 52 can be used to separate the single crystal production 
apparatus 51 into the oven component chamber 53 and the single crystal chamber 

54 when necessary, so that, with the gate valve open 52, the quartz crucible 

55 situated inside the oven component chamber 53 is filled at the beginning of 
the single crystal pulling operation (Figure 11(a)), the silicon polycrystal 
chunks m 0 are melted to fill the quartz crucible 55 approximately 80% with 
silicon melt L 0 (Figure 11(b)), a solid, rod-shaped silicon polycrystal ingot 
M 0 , which is raw material that is been prepared separately from the silicon 
melt L 0/ is held by a silicon ingot holding means 56 and lowered into the 
silicon melt L 0 whereby it is melted and added to it (Figure 11(c)), causing 
the silicon melt L 0 to nearly entirely fill the quartz crucible 42. 

[0006] On the other hand, after the silicon polycrystal ingot M 0 has been 

melted, the silicon ingot holding means 56 is raised, the gate valve 52 is 
completely closed, the silicon ingot holding means 56 is replaced with a seed 
crystal holding means 57 inside the single crystal chamber 54, which has now 
been isolated by the gate valve 52, and a seed crystal S is mounted in said 
seed crystal holding means 57 (Figure 11(d)). 

[0007] After this, the gate valve 52 is opened and the seed crystal S 0 is 

brought into contact with the molten silicon melt L 0 in the quartz crucible 55 
and a single crystal Ig 0 with the same crystal orientation as the seed crystal 
S 0 is grown on the bottom of the seed crystal S 0 (Figure 11(e)), whereby the 
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silicon melt L 0 inside the quartz crucible 55 is nearly depleted (Figure 
11(e) ) . 

[0008] With the semiconductor single crystal production method using the 

aforementioned single crystal production apparatus 51, the quantity of silicon 
single crystal produced per quartz crucible is increased over that of common 
CZ production methods, like that shown in Figure 11. 

[0009] However, in this production method, the gate valve 52 must be 

closed at least once while the heater 58, etc. is on during operation of the 
single crystal production apparatus 51 to separate the oven component chamber 
53 from the single crystal chamber 54. At this time the single crystal 
chamber 54 must be opened and the seed holding means 57 replaced with the 
silicon ingot apparatus 56, and then the silicon polycrystal ingot M 0 must be 
mounted on the silicon ingot holding means 56 or the seed crystal S 0 must be 
mounted on the seed crystal holding means 57, exposing the single crystal 
chamber 54 to the atmosphere. When the single crystal chamber 54 is 
reconnected to the oven component chamber 54 after being exposed to the 
atmosphere, dust drops down from the single crystal chamber 54, which hinders 
growth of the single crystal Ig 0 and is a major factor in decreased single 
crystal yields (the percentage of single crystal obtained without any crystal 
defects) . Furthermore, dust, etc. is also dropped from the gate valve 
chamber 59 due to opening and closing of the gate valve 52. 

[0010] A raw material recharging system, as shown in Figure 12, has also 

been proposed as a cost reducing measure. 

[0011] In this recharging system, a gate valve 62 can be used to separate 

the single crystal production apparatus 61 into the oven component chamber 63 
and the single crystal chamber 64 when necessary, so that, with the gate valve 
open 62, the single crystal Ig 1 is pulled up and removed, leaving molten 
silicon Li in the quartz crucible 65 situated in the oven component chamber 63 
(Figure 12(a)), after which, inside the single crystal chamber 64, now 
isolated by the gate valve 62, the seed crystal holding means 66 is replaced 
with a silicon ingot holding means 67 (Figure 12(b)), a silicon polycrystal 
ingot Mi is mounted on said silicon ingot holding means 67 and lowered into 
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the silicon melt L x , whereby it is melted into the silicon melt L x (Figure 
12(c) ) . 

[0012] While the quartz crucible 65 is nearly entirely filled with the 

silicon melt Li by melting the silicon polycrystal ingot Mi, the silicon 
holding means 67, on which the silicon polycrystal ingot M x that it was 
holding is no longer present, is raised, the gate valve 62 is closed and, 
inside the single crystal chamber 64, now isolated by the gate valve 62, the 
silicon ingot holding means 67 is replaced with seed crystal holding means 66 
and a seed crystal S x is mounted on said seed crystal holding means 66 (Figure 
12(d) ) . 

[0013] The gate valve 62 is then opened, the seed crystal Si is brought 

into contact with the molten silicon polycrystal Ml in the quartz crucible 65, 
and a single crystal Igi is caused to grow on the seed crystal Si (Figure 
12(e) ) . 

[0014] However, in this production method, the gate valve 62 must be 

closed at least twice while the heater 68, etc. is on during operation of the 
single crystal production apparatus 61 to separate the oven component chamber 
63 from the single crystal chamber 64. At this time the single crystal 
chamber 64 must be opened and the seed holding means 67 replaced with the 
silicon ingot apparatus 56, or conversely the silicon ingot apparatus 57 
replaced with the seed holding means 67, twice exposing the single crystal 
chamber 64 to the atmosphere. 

[0015] Consequently, the oven component chamber 63 is even further 

contaminated by dust, etc. in this recharging system than the replenishing 
system, which hinders growth of the single crystal Ig 0 and is a major factor 
in decreased single crystallization yields. 

[0016] Furthermore, since gas must be replaced inside the pulling 

apparatus in both the replenishing and recharging systems described above, 
these also have the problem of requiring longer cycle times for a single 
pulling operation than the normal CZ method. 
[0017] 
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[Problems to be Solved by the Invention] Therefore, there is a demand for a 
semiconductor single crystal production method and solid semiconductor raw 
material ingot used therein with which there is no contamination of the single 
crystal production apparatus when supplying the raw semiconductor material, 
thereby improving the single crystallization yield without extending the cycle 
time required for a single pulling operation. 

[0018] Taking the circumstances described above into consideration, the 

purpose of this invention is to provide a semiconductor single crystal 
production method and solid semiconductor raw material ingot used therein that 
supply the raw semiconductor ingot without contaminating the single crystal 
production apparatus, thereby improving the single crystallization yield 
without extending the cycle time required for a single pulling operation. 
[0019] 

[Means of Solving the Problems] The gist of the invention of Claim 1 of 

this application, created to achieve the aforementioned purpose, is a 
semiconductor single crystal production method in which a semiconductor single 
crystal is grown from a seed crystal by bringing said seed crystal into 
contact with a raw semiconductor melt contained inside a vessel, wherein which 
semiconductor single crystal production method is characterized by possessing 
possesses a process for affixing a solid raw semiconductor ingot to a holding 
means that is provided on the seed crystal, a process for melting 
substantially the entire raw semiconductor ingot that is affixed to the 
holding means and accommodating same inside a vessel, and a process for 
growing a single crystal by bringing the seed crystal into contact with the 
raw semiconductor melt in the vessel. 

[0020] The gist of the invention of Claim 2 of this application is the 

semiconductor single crystal production method disclosed in Claim 1, which is 
characterized by possessing a process for having the semiconductor melt 
already placed inside the vessel, which process precedes the aforementioned 
process for melting substantially the entire raw semiconductor ingot that is 
affixed to the holding means. 
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[0021] The gist of the invention of Claim 3 of this application is the 

semiconductor single crystal production method disclosed in Claim 2, which is 
characterized by the aforementioned process for having the semiconductor melt 
already placed inside the vessel being a process in which raw semiconductor 
material is melted inside the vessel at the very start of semiconductor single 
crystal production. 

[0022] The gist of the invention of Claim 4 of this application is the 

semiconductor single crystal production method disclosed in Claim 2, which is 
characterized by the aforementioned process for having the semiconductor melt 
already placed inside the vessel being a process in which raw semiconductor 
melt from preceding semiconductor single crystal production is left inside the 
vessel . 

[0023] The gist of the invention of Claim 5 of this application is the 

semiconductor single crystal production method disclosed in any one of Claims 
1 through 4, which is characterized by the aforementioned semiconductor single 
crystal production method being Czochralski' s method. 

[0024] The gist of the invention of Claim 6 of this application is the 

semiconductor single crystal production method disclosed in any one of Claims 
1 through 5, which is characterized by the solid semiconductor ingot being a 
silicon polycrystal and the seed crystal being a silicon single crystal. 
[0025] The gist of the invention of Claim 7 of this application is a 

solid raw semiconductor ingot that, in a raw semiconductor material used in 
the semiconductor single crystal production method in which a semiconductor 
single crystal is grown from a seed crystal by Czochralski' s method by 
bringing said seed crystal into contact with the raw semiconductor melt in a 
vessel, is characterized by the raw semiconductor ingot being held by a 
holding means that is provided on the aforementioned seed crystal. 
[0026] The gist of the invention of Claim 8 of this application is the 

solid raw semiconductor ingot disclosed in Claim 7, which is characterized by 
the aforementioned holding of the solid raw semiconductor ingot being 
accomplished by linking a catch provided in said raw semiconductor material to 
a holding means provided in the seed crystal. 
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[0027] The gist of the invention of Claim 9 of this application is the 

solid raw semiconductor ingot disclosed in Claim 8, which is characterized by 
the aforementioned holding means provided in the seed crystal being a disk- 
shaped catch, and by the catch provided in the solid raw semiconductor ingot 
possessing a linkage groove into which the aforementioned seed crystal is 
fitted and a void into which the aforementioned disk-shaped catch on the seed 
crystal is fitted. 

[0028] The gist of the invention of Claim 10 of this application is the 

solid raw semiconductor ingot disclosed in Claim 8 or 9, which is 
characterized by the aforementioned seed crystal and solid raw semiconductor 
material both being column-shaped. 

[0029] The gist of the invention of Claim 11 of this application is the 

solid raw semiconductor ingot disclosed in Claim 10, which is characterized by 
the diameter of the aforementioned disk-shaped catch on the seed crystal being 
3 to 4 times greater than the diameter of the column-shaped seed crystal. 
[0030] The gist of the invention of Claim 12 of this application is the 

solid raw semiconductor ingot disclosed in any one of Claims 7 through 11, 
which is characterized by the solid semiconductor ingot being a silicon 
polycrystal and the seed crystal being a silicon single crystal. 
[0031] 

[Conditions of Embodiment of the Invention] A single crystal production 

apparatus that uses a so-called raw material replenishing system will be 
described below, based on the attached figures, as one condition of embodiment 
of the semiconductor single crystal production method associated with this 
invention. 

[0032] As shown in Figure 1, the single crystal production apparatus that 

uses the semiconductor single crystal production method of this invention, 
e.g., a CZ method single crystal pulling apparatus 1, comprises an oven 
component chamber 2 and a single crystal chamber 3, which is situated above 
and linked to said oven component chamber 2. A vessel, e.g., a quartz 
crucible 6, which is built into a graphite crucible 5 and heated by a heater 
4, is disposed inside the oven component chamber 2, and chunks of raw silicon 
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polycrystal m are heated and melted inside this quartz crucible 6. The 
graphite crucible 5 is mounted on a crucible rotation shaft 8, which passes 
through the oven body 7 and is linked to and driven by a motor (not shown) . 
[0033] In addition, a cylindrical seed holding means 10 is provided 

attached to the lower end of a wire 9, which is disposed so that it can be 
freely raised and lowered to and from the single crystal chamber 3, and a seed 
crystal S is mounted in this seed crystal holding means 10. 
[0034] As shown enlarged in Figure 2 and Figure 3, the seed crystal S 

that is mounted in the seed crystal holding means 10 is formed of a seed 
crystal body Si, which is shaped into a true column, and a holding means, 
e.g., a disk-shaped, circular catch S 2 , which is disposed at one end of said 
seed crystal body Si. 

[0035] In addition, a solid semiconductor raw material ingot, e.g., a raw 

silicon polycrystal ingot with a solid, columnar form, is held on this seed 
crystal S, and a hollow void Mi, which accommodates the aforementioned 
circular catch S 2 , a link M 2 , which is connected to said void Ml and links 
with the circular catch S 2 , and a link slot M 3 , which is formed in said link 
M 2 , are all disposed at one end, e.g., the upper end, of the silicon 
polycrystal ingot M. 

[0036] Now, 11 is a link pin that passes through a mounting hole S 3 

provided in the seed crystal S, and holds the seed crystal S to the seed 
crystal holding means 10. 

[0037] It is preferable for the diameter di of the aforementioned 

circular catch S 2 of the seed crystal S is 3 to 4 times the diameter d 2 of the 
seed crystal body S x , and for the thickness t x of the circular catch S 2 to be 
20mm or greater. It is also preferable for the thickness t 2 of the link M 2 
also to be 20mm or greater and for the height h x of the void Mi to be 50mm or 
greater. 

[0038] Consequently, the silicon polycrystal M is held by the seed 

crystal S by linking the circular catch S 2 into the link M 2 so that it is 
accommodated in the void M 3 with the seed crystal body Si passing through the 
link slot M 3 , as shown in Figure 4 . 
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[0039] Next, the raw material replenishing system of the semiconductor 

single crystal production method of this invention will be described, using 
the single crystal pulling apparatus 1. 

[0040] Figure 8 is a process drawing of a replenishment-type 

semiconductor single crystal production method, wherein the quartz crucible 6, 
which is situated inside the oven component chamber 2 of the single crystal 
pulling apparatus 1, is filled with chucks of raw silicon polycrystal m and a 
seed crystal S is mounted on the seed crystal holding means 10, which is 
attached to the end of the wire 9 in the single crystal chamber 3. The seed 
crystal body S x of the seed crystal S is then inserted into the link slot M 3 
from the side of the link slot M 3 , so that the circular catch S 2 is 
accommodated in the void M 3 , linking the circular catch S 2 with the link M 2 , 
whereby the silicon polycrystal ingot M is suspended from and attached to the 
wire 9 by means of the seed crystal S and the seed crystal holding means 10 
(Figure 8(a)). 

[0041] Next, the heater 4, which is disposed around the outside of the 

quartz crucible 6, is turned on to heat and completely melt the chunks of 
silicon polycrystal m, filling the quartz crucible 6 approximately 80% with 
the silicon melt L prior to melting the silicon polycrystal ingot M (Figure 
8(b)). Furthermore, the silicon polycrystal ingot M, which was prepared 
separately from the chunks of silicon polycrystal m and is support by the 
circular catch S 2 of the seed crystal S that was already placed inside the 
single crystal void 3, is lowered and melted into the silicon melt L (Figure 
8(c)). When the silicon polycrystal ingot M is melted, the silicon melt L 
nearly entirely fills the quartz crucible 6. 

[0042] Meanwhile, the silicon polycrystal ingot M is melted, entirely 

exposing the seed crystal S and placing it in a state in which it can serve 
the function as the seed crystal for pulling (Figure 8(d)). Now, in the event 
that the link M 2 of the silicon polycrystal ingot M remains unmelted on top of 
the circular catch S 2 , the rate of rotation of the seed crystal S can be 
increased to cause the link M 2 to drop into the silicon melt L by centrifugal 
force. Additionally, if silicon polycrystal ingot M is essentially entirely 
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melted, exposing the circular catch S 2 of the seed crystal S, the unmelted 
portion of the silicon polycrystal ingot M can be left as it is attached to 
the seed crystal. 

[0043] The interior of the single crystal pulling apparatus 1 is then 

brought to the single crystal pulling conditions, the circular catch S 2 of the 
seed crystal S is brought into contact with the molten silicon melt L inside 
the quartz crucible 6, and, once the circular catch S 2 has melted, the single 
crystal Ig is grown on the seed crystal S (Figure 8(e)). 

[004 4] Furthermore, when growing and pulling of the single crystal ingot 

Ig is completed, there will be no re-useable molten silicon L remaining in the 
quartz crucible 6 (Figure 8(e)). 

[0045] By using the seed crystal S as the basic seed crystal and as a 

holding means to support the silicon polycrystal ingot M according to the 
semiconductor single crystal production method of this invention described 
above, the silicon polycrystal ingot M can be melted as replenishment raw 
material without needing to open the oven 8 or the single crystal chamber 3 to 
replace the seed crystal holding means 10 with a silicon ingot holding means. 
Consequently, it becomes possible to supply enough silicon melt L without 
contaminating the quartz crucible 6, whereby a large capacity silicon single 
crystal Ig can be pulled at one time with high single crystallization yield. 
[0046] It also becomes unnecessary to selectively separate the single 

crystal pulling apparatus 1 into an oven component chamber 2 and a single 
crystal chamber 3 by means of a gate valve, so that the molten silicon melt L 
is not contaminated by dust, etc. dropping from the single crystal chamber 3 
as the gate valve is opened and closed, which in turn allows the single 
crystallization yield to be increased since there is no hindrance to the 
growth of the single crystal. 

[0047] Furthermore, since there is no need to open the oven 7 or the 

single crystal chamber 3 during the series of processes, except when 
simultaneously installing the chunks of silicon polycrystal m and the silicon 
polycrystal ingot M at the beginning of the pulling process, and when removing 
the single crystal ingot Ig that has been pulled, gas replacement also becomes 
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unnecessary, so that the cycle time required for a single pulling operation 
becomes no longer than with the normal CZ method. 

[0048] Next, the so-called raw material recharging system, which is 

another condition of embodiment of the semiconductor single crystal production 
method of this invention, will be described, using the single crystal pulling 
apparatus 1 described above. 

[0049] Figure 9 is a process drawing of a recharge-type semiconductor 

single crystal production method, wherein the single crystal Ig being pulled 
is pulled and molten silicon L is left in the quartz crucible 6 (Figure 9(a)), 
after which, the gate valve is closed and the single crystal Ig is removed, 
while a seed crystal S with the same structure as that shown in Figure 8 and 
used in the condition of embodiment described above is mounted in the seed 
crystal holding means 10, and the circular catch S 2 of said seed crystal S is 
linked into the void Mi in the silicon polycrystal ingot M (Figure 9(b)). The 
silicon polycrystal ingot M is then lowered and melted into the silicon melt L 
already in the quartz crucible 6 (Figure 9(c)). When the silicon polycrystal 
ingot M is melted, the silicon melt L nearly entirely fills the quartz 
crucible 6. 

[0050] Meanwhile, the silicon polycrystal ingot M is melted, entirely 

exposing the seed crystal S and placing it in a state in which it can serve 
the function as the seed crystal for pulling (Figure 9(d)). The interior of 
the single crystal pulling apparatus 1 is then brought to the single crystal 
pulling conditions, the circular catch S 2 of the seed crystal S is brought 
into contact with the molten silicon melt L inside the quartz crucible 6, and, 
once the circular catch S 2 has melted, the single crystal Ig is grown on the 
seed crystal S (Figure 9(e)). 

[0051] By using the seed crystal S as the basic seed crystal and as a 

holding means to support the silicon polycrystal ingot M according to the 
semiconductor single crystal production method of this invention described 
above, it is necessary to open the single crystal chamber 3 only once to 
replace the seed crystal holding means 10 and the silicon ingot holding means. 
Consequently, it becomes possible to pull the silicon single crystal Ig with 
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good single crystallization yield, which contributes to lower the costs of 
producing semiconductor single crystals. 

[0052] Thus, it becomes possible to supply enough silicon melt while 

decreasing the number of times that the gate valve is opened and closed, which 
was at least twice in the past recharging method, and decreasing the chances 
for contamination inside the oven accompanying said opening and closing, 
making it possible to pull silicon single crystals with high single 
crystallization yield. 

[0053] 

[Example Embodiment] Example Embodiment 1 (Replenishment System) 

Using the pulling apparatus shown in Figure 8, with the oven chamber 2 
and single crystal chamber 3 open to the atmosphere, a 22-inch diameter quartz 
crucible was filled with 100kg of silicon polycrystal chunks. A seed crystal 
equipped with the holding means of this invention was then placed in the 
single crystal chamber 3 in this state and a 20kg columnar silicon polycrystal 
ingot was suspended on said seed crystal. Then, the oven chamber and single 
crystal chamber were closed with the gate valve in the open state. 
[0054] Next, after melting the silicon polycrystal inside the quartz 

crucible, the silicon polycrystal held by the seed crystal was lowered, 
brought into contact with the silicon melt in the quartz crucible and 
completely melted. The seed crystal was then brought into contact with the 
silicon melt, melting the part corresponding with the holding means, after 
which, a silicon single crystal was pulled by the usual method. The yield of 
the resulting dislocation-free silicon single crystal is shown in Table 1. In 
this condition of embodiment, there was no opening or closing of the gate 
valve . 

[0055] Comparison Example 1 (Replenishment System) 

Using the pulling apparatus shown in Figure 8, with the oven chamber 2 
and single crystal chamber 3 open to the atmosphere, a 22-inch diameter quartz 
crucible was filled with 100kg of silicon polycrystal chunks. A columnar 
silicon polycrystal ingot was then suspended in the single crystal chamber 3 
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in this state by means of a special holding means, and the oven chamber and 
single crystal chamber were closed with the gate valve in the open state. 
[0056] Next, after melting the silicon polycrystal inside the quartz 

crucible, the silicon polycrystal held by the special holding means was 
lowered, brought into contact with the silicon melt in the quartz crucible and 
melted. 

[0057] The holding means was then raised into the single crystal chamber 

and the gate valve was closed to isolate it from the oven chamber, after 
which, the single crystal chamber was opened and the special holding means was 
replaced with a silicon seed crystal for single crystal pulling. The single 
crystal chamber was then closed, and after the internal atmosphere was brought 
to the same conditions as those of the oven chamber, the gate valve was 
opened, the seed crystal was lowered, and a silicon single crystal was pulled 
according to the usual method. 

[0058] The yield of the resulting dislocation-free silicon single crystal 

is shown in Table 1. In this comparison example, the gate valve was closed 
and then opened once. 
[0059] 
[Table 1] 





Example Embodiment 1 


Comparison Example 1 


Dislocation-free Single 
Crystal Yield 


1.18 


1 



Note 1: Ratio where the yield of the dislocation-free single crystal in the 



Comparison Example 1 is set to 1. 
Note 2: These figures reflect the average values obtained by 10 pulling 
operations for each Example Embodiment 1 and Comparison Example 1 

[0060] Example Embodiment 2 (Recharging System) 

One silicon single crystal pulling operation was performed according to 
the usual method, using the pulling apparatus shown in Figure 9. The 
resulting single crystal was raised into the single crystal chamber and 
removed after closing the gate valve. 

[0061] Next, a seed crystal equipped with the holding means of this 

invention was installed in place of the single crystal that had been pulled 
and a 50kg columnar silicon polycrystal ingot was suspended on said seed 
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crystal. The single crystal chamber was then closed and after the internal 
atmosphere was brought to the same conditions as those of the oven chamber, 
the gate valve was opened, the seed crystal and silicon polycrystal ingot were 
lowered into contact with the silicon melt remaining in the quartz crucible, 
completely melting the silicon polycrystal ingot. 

[0058] The yield of the resulting dislocation-free silicon single crystal 

is shown in Table 1. In this comparison example, the gate valve was opened 
and closed once. After the part of the seed crystal corresponding with the 
holding means was then melted, a silicon single crystal was pulled by the 
usual method. The yield of the resulting dislocation-free silicon single 
crystal is shown in Table 2. In this condition of embodiment, the gate valve 
was closed and then opened only once. 
[0062] Comparison Example 2 (Recharging System) 

One silicon single crystal pulling operation was performed according to 
the usual method, using the pulling apparatus shown in Figure 9. The 
resulting single crystal was raised into the single crystal chamber and 
removed after closing the gate valve. 

[0063] Next, a 50kg columnar silicon polycrystal ingot was installed 

using a special holding means in place of the single crystal that had been 
pulled. The single crystal chamber was then closed and after the internal 
atmosphere was brought to the same conditions as those of the oven chamber, 
the gate valve was opened, the silicon polycrystal ingot was lowered into 
contact with the silicon melt remaining in the quartz crucible, melting the 
silicon polycrystal ingot. The holding means was then raised into the single 
crystal chamber and the gate valve was closed to isolate it from the oven 
chamber, after which, the single crystal chamber was opened and the special 
holding means was replaced with a silicon seed crystal for single crystal 
pulling. The single crystal chamber was then closed, and after the internal 
atmosphere was brought to the same conditions as those of the oven chamber, 
the gate valve was opened, the seed crystal was lowered, and a silicon single 
crystal was pulled according to the usual method. 
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[0064] The yield of the resulting dislocation-free silicon single crystal 

is shown in Table 2. In this example, the gate valve was closed and then 
opened twice. 
[0065] 
[Table 2] 





Example Embodiment 2 


Comparison Example 2 


Dislocation-free Single 
Crystal Yield 


1.05 


1 



Note 1: Ratio where the yield of the dislocation-free single crystal in the 

Comparison Example 1 is set to 1. 
Note 2: These figures reflect the average values obtained by 10 pulling 

operations for each Example Embodiment 2 and Comparison Example 2 



[0066] 

[Effect] By using the seed crystal as both a seed crystal and as a holding 
means whereby the solid raw semiconductor ingot is suspended, according to the 
semiconductor single crystal production method of this invention, swapping of 
said holding means is eliminated, making it possible to prevent contamination 
of the inside of the single crystal production apparatus and the silicon melt 
that accompanies the supply of raw material by means of a solid semiconductor 
ingot, and to provide for improved single crystallization yield. 
[0067] In addition, this combined use of the seed crystal makes it 

possible to supply enough silicon melt to the quartz crucible using solid raw 
semiconductor ingots as raw replenishment material while entirely eliminating 
exposure the oven or any part thereof, or at least decreasing the number of 
times it is exposed, and since it further becomes unnecessary to replace the 
gas inside the oven, there is no extension of the cycle time required for each 
pulling . 

[0068] Furthermore, since the enough uncontaminated silicon melt can be 

supplied to the quartz crucible when the raw material replenishment system is 
used, large capacity silicon single crystals can be pulled with high single 
crystallization yield. 

[0069] Additionally, since uncontaminated silicon melt can be repeatedly 

supplied to the quartz crucible when the raw material recharging system is 
used, the number of silicon single crystals that can be pulled from a single 
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quartz crucible with high single crystallization yield can be increased, 
allowing for decreased production costs. 

[0070] Furthermore, since the solid semiconductor raw material ingot can 

be suspended by linking a link disposed in said raw semiconductor ingot with a 
holding means disposed in the seed crystal, it becomes possible to use the 
seed crystal as both a seed crystal and as the holding means whereby the solid 
semiconductor raw material ingot is suspended, which eliminates the need to 
replace the holding means, prevents contamination of the raw semiconductor 
melt that accompanies the supply of raw material by means of a solid raw 
semiconductor ingot, and allows for increased single crystallization yields. 
In addition, it becomes unnecessary to replace the gas inside the oven and 
there is no extension of the cycle time required per single pulling. 
[0071] It is further possible to pull high-crystallization yield 

semiconductor single crystals when the catch disposed on the seed crystal is 
shaped like a disk. 

[0072] Additionally, when the diameter of the circular catch on the seed 

crystal is 3 to 4 times larger than the diameter of the columnar seed crystal, 
it is possible to securely hold the solid semiconductor raw material ingot and 
to pull high-crystallization yield semiconductor single crystals. 
[Brief Explanation of the Figures] 

[Figure 1] This is a conceptual drawing of the single crystal production 
apparatus used in the semiconductor single crystal production method of this 
invention . 

[Figure 2] This is a side-view drawing of the seed crystal that is. 
incorporated into the single crystal production apparatus used in the 
semiconductor single crystal production method of this invention. 
[Figure 3] This is a plan-view drawing of the seed crystal shown in Figure 2. 
[Figure 4] This is an explanatory drawing showing the condition of linkage 
between the semiconductor raw material ingot and the seed crystal that is 
incorporated into the single crystal production apparatus used in the 
semiconductor single crystal production method of this invention. 
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[Figure 5] This is a plan-view drawing of the semiconductor raw material 
ingot shown in Figure 4 . 

[Figure 6] This is a side-view drawing of the semiconductor raw material 
ingot shown in Figure 4 . 

[Figure 7] This is a sectional drawing of the semiconductor raw material 
ingot shown in Figure 4 . 

[Figure 8] This is a process drawing of the production process that is one 
condition of embodiment of the semiconductor single crystal production method 
of this invention. 

[Figure 9] This is a process drawing of the production process that is 
another condition of embodiment of the semiconductor single crystal production 
method of this invention. 

[Figure 10] This is a conceptual drawing of the single crystal production 
apparatus used in a past semiconductor single crystal production method. 
[Figure 11] This is a process drawing of the production process of a past 
semiconductor single crystal production method. 

[Figure 12] This is a process drawing of the production process of another 
past semiconductor single crystal production method. 
[Legend] 

1 single crystal production apparatus 

2 oven component chamber 

3 single crystal chamber 

4 heater 

5 graphite crucible 

6 quartz crucible 

7 oven 

8 crucible rotation shaft 

9 wire 

10 seed crystal holding means 

11 link pin 

M semiconductor raw material ingot (silicon polycrystal ingot) 

Mi void 
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M 2 link 

M 3 link slot 

S seed crystal 

51 seed crystal body 

5 2 seed holding means (circular catch) 

5 3 mounting hole 

[Fig. 3] [Fig. 5] [Fig. 6] [Fig. 7] 



[FIGURES] 



[Fig. 1] [Fig. 2] [Fig. 4] 



[FIGURES] 



-Legend- 

1 single crystal production apparatus 

2 oven component chamber 

3 single crystal chamber 

4 heater 

6 quartz crucible 

10 seed crystal holding means 

M semiconductor raw material ingot (silicon polycrystal ingot) 

5 seed crystal 

S 2 seed holding means (circular catch) 
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[Fig. 9] 



[FIGURES (a) -(e)] 



[Fig. 8] 



[FIGURES (a) -(f)] 
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ztblcJ:&WIM9l±ifllBitt. 0 s tB#iK*'ig 2 fc r 

nmmwim. 2 ©±*icasu-cR(t ^^imsm 

4 J: 9 MMdtiMB^y * 5 icrtg $ ftfcSSIfll* tf 
5^wy*6*sRite>ii-c*5 9. r©^/uy#6rt-r? 

n**©aass##s i A*Mmm$ti&. 

[0 0 3 3] *fc, *HfiJRitt«3tH:#Ri«fcRlt 
feiifc !7 -f -V 9 ©TIBfc* D # W ?>*tfc R®^«©«JiS 

[0 0 3 4] H2*5iO t S3lcJi^:L-C^-f ±51-. S 
ISft«»#Rl 0CR9ftlt6Jh.fc«tftStt. tfUR 
a^««r*-f-««**ft:s ltr©»BI**Sio- 

5 2 t-CJgfSS*u-CV^5„ 

[o o 3 5] *fc, a»ssciiaft:©^«cjs»a, 

«!lx.tf@flc-eRttJg«iSr*-t-5Jl!|sf©#iteS'->'y => ^» 
M«$tit*9, i©*»A^y = y»M©-«8gB 

S«©)RiWSBM 1 1 . i ©itZifrt«PM 1 LRJ^Jt 
SBS 2 i«^1"5«lhei5M2 r©fiUkmt«2 KXMft 
$*tfc«-g-flt8UM3*SRItb*vCV^. 
[0 0 3 6] /i*3, 1 1 ttttBASKRtt&tlfcWtS 

n. s 3 srsa l, a^s S S:a^S«S#® 1 0 treys 

[0 0 3 7] ±E»»AS©n»flUk8BS2©iE&dl 
tt. mS**#Sl©a«d2©3ftV^L4«T?*>9. 
P9JB«lh»S 2©J5*t ltt2 Omm«±-CfcSrt*S 
»*b<, *fc^lh^M2©g:^.t2t20mme)l±, 
iRifrtSPM 1 ©iS $ h 1 14 5 0 mm6li-efc5: k 

[0 0 3 8] S£oTs H4H^i-A5li, WSftSJCJ: 
5#tM^9 =»^M©«» tt, SUSSES 1 
§8M3SrSiiU. !RittSi5M3lilRSN$nfcn^lt«fSS 
2 -H&lkSBM 2 5 C k CioTfithi. 

[0039] ^jg^§l±tf «1S 1 *rffl^fc*«W 

[ o o 4 o ] s 8 ttiabn^^- ^^;©¥«flc*feS© 

SGfiXRH-e, *^§l±»f US 1 ©jHmRMS2 rt 




mm-t bftit®f&£kfcft^& i o \mts& s&mn 

it, L*>3&, 04-efcfcLT^L.fc.fc 5icffi*SiSs© 

S 1 -Sr^-&flS8i5M3©ffi!lSS*^«-S-SJ6l5M3 
{c^A£tffta 5 e>RI>«.ifcgSS 2 $rJfcSrt&M3 

R^it&S2tfiuk&M2fc£G^£tf5Citc 

#Rl 0Sr^L-C!7-i'^9lc®f|«^$*5 (08 

(a) ) . 

[00 4 1] m^. *3S^yaK6©4Wm::Rttfcfc-* 

y a >i)SM<oig»<fc t) ife»r^«)^/P5/# 6 
»?J8 0%eft*T?^y =>8lf$L£}i£-e:5 (08 

(b) ) . ^»^«©#i^a^y =>VmtttSiJ 

<0R^«±S6S 2 tc J: 9##$frC^.5#*£i§i<'y => v 
»M£l$T<*-li-C^ y => V»ttLlcg*$-fri!»lSiH$ 
-£5 (08 (c) ) „ #*£ir>y =V»M©^iKi5^7 

•f 5 1 *y y = vnttLtt^A-ysi? 6 <nmi±mzmz 

[0042] y a >$&M#Jg» $tlTS 

(08 (d) ) . t£&, = 
y^MW^itSRM 2 aSjfcigiB-CRJgGUfcSB S 2 ±fc«# 

■rzm&\a*. assfis roses* ±ifa^(c io, 
fc#*gjr> y =• viiM^jmttK^iMUfcwt* s ro 

[0 0 4 3] ¥S3.S§l±tf£Sei ft 

X. R^#ikS5S2SriMILfccD*>. flUAlSCDMM 

I (08 (e) ) „ 

[0 0 4 4] 3&lc¥ltift'f v=fy M g^f**t 

*»»^y =>'Ltt^#LTV^I/'' (08 (e) ) . 
[ 0 0 4 5 ] ±j* lfc*89iK:ff frS^WMMSAoa 

^8*fctt*^iRifrtg|5 3«r 

lt*»-c#-c. ex*?* 6 csSfeofcifM-iMe^y 
=>>-j»»KL©«^*5-5iiBt/«cO. -Slc^Sco->y = 
>^*£i§I g*K*Bfftft:*-c5l*±rr8rt*-c# 

So 

[004 6]Sfc, iMSWUlrttBlSry-h^A^ 




ic i *i t^mwuA 2 fc mie^nxiWgs 3 *asttei s y 

- h^/K/fc^gi it 9 , y- h^/u^rofflEfHcfl^* 
tSAiMMl 3 a> ibtSKft irtf&T LT. WSfi&i/V = y» 

ISgSftSr ¥£.i{t$©it5SNt:fc0ftS. 
[0 04 7] $ e.ld> 3l±«f XSKistf 
«©#^s->y aVmi^SS&^y avaMifcHWlC 

[0 0 4 8] *5S^lC#fc>5^^ijSScoMiit 

[0049] 0 9«y ^-r-^^co^frm^roK 

IfT, ^/wy^6tcS»->y 3VL*«#§-e: (09 
(a) ) . y-h'<A^*«&r)|MS*I g£«t 
aitirirtlc, ±j£tft.Hlfiro^1i8-CfflV^08(^L. 

t wim(»mm&ti-f%mm& s *aies»«f a i o c 

Ityftft. ;(0«|$SSOR)g«Ji:g6S2(C#ieS^y 
= y»M<D«JkaMl (09 (b) ) . L 

y # 6 fciRi(rt$ixTv>5-> y = va»tLic^tt$-errSf 

IU ->y 3>-i8kffiLlc1-5 (09 (c) ) . 

y = >»Mro®Slilc J: «3 y = L s}? 6 

[0050] #»ftvy = y%M^s»L.fcmro 

fc-er5«S8^^5 (0 9 (d) ) „ 

R^ihSSS 2Sr^^5'^6tt 1 -CgiH^ffi<OVy =y 

5 (09 (e) ) . 

[0051] *mtej&m<n*mft#n&ommmc± 

rofc*lc, ^SiRijftgi5 3SrMSc-r5^©lillHl-eSf 

tf. eeo-c. ->y 3^11 g wi«^*wc3i# 
[0052] eejiE©yf-ir-^-eH:^^< 
v=>ym.m<omm^mttt*). ^v=>^^&^mm 

[00 5 3] 



-5- 



iktovm 3 tf±fs.#mvti®-cwM& 2 2 w yf©^ 

/h£Btt0*l&£$'!> ^ V* 1 0 0 k g5fc«L 
»#©SrKltfcffiiSJIfcJ:0 ! rw®^{-2 0 kgfflH 

ft vit#m-viFttt\Mtim*i <t twit abmb* k cfc, 
[0054] ov^-e^/wy^rto^s^y 

Zitx*$iA>y#ft<Di'y =» vim fc8tt£*&&KB 

ft?Lfc„ i^T«i£ ( S£vy 3^|K&K^£^ fiW 

■cs/yav^iisftMitirffc. BMifeBBtt^y:" 
[oo5 5] oMrni (aap^-^^o 

08lci3«©3l-hBB&fflv\ jW«IWI2*iJ:tWMS 
ffiifctfiSB 3 #ttKBafc£B-cBB# 2 2 4 yfois&u 

*BB£«>BttB3'!> =V«r 1 0 0 k g 5fc«L. 
fc„ ovve£©:RB©**Btt*«BB3ii:»B©»» 



[0 0 5 6] ov^^^y^rtw^lSS^y ^v&ig 

[0 0 5 7] *0ttB*¥B«:Bti£«*Aft£9l*± 
If, JFWBBBfcBBLfcBfc* 
B*Bl^*B*LTBffl©BB*a*Btt*§l-hB0> 
V:i:/Bt&£R:££Lfc. *©&¥£.&i|Xii&$«:WC., 
rtBBB»*ff»*MBBBi B-fc LfcBfc^- h/<A* 

[0 0 5 8] »b*lfc«EttS/5 a>Wift©ft**r* 

*Jttt«n*sv^r. y- h^y©BSBiii i 

[0 0 5 9] 
[SI J 





£JM1 






1. 18 
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8-2 : HrtMlfcfeCl 0E©3l±©¥JSf! 



[0060] ggjS^H2 (gy-»~^^o 

H9(cGtt«>9l±SIBtrAb\ It^SCffiot, ft 
lHi©vy3Vi|M»*«r§l*±tffc. §l#±tf<b*tfc 
*»*%lMI*iRIWiKc3lt±tf, y-b/M^tBC 

[0061] *te, ma Lizwm&nft <o k, 
©«B#a*BttfcB8**j:tf ^©bbbics o k g 

©HttBttBBBS'P => va4r«»$-Brr*^iRttSB 
fcBC rtBBBBtWBBBiB-fcLfcBfcy- 
h^A^fcBBU «l**itf*»*^y3>1t«rl» 

*T*tt*f yaV**r36^KB«Lfc. *©«* b& 

BfcBoTS/PavBBBfcSlt-ktffc. 5*lr-S>K 

[0 0 6 2] ttgflg (£»jrr^g) 
H9fcBB«>3IJtBB«:«v\ BB©#ftfctto-c, if 
lBi«)V»3y»lt**9lt±»ffc. 9i#±tf 



B»**BB»BBttfc3l#.hrr, y-h^y*Mc 
r»»)ffiLfc. 

[0 0 6 3] *C» B0tHUi*Ba©ft9fc, Sffl© 
«fiF¥aSr^ L-C 5 0kg ©P)ttJfH*#ttiSS'!> = V» 
«^**TBtt*«*«frBC, rtBBBBtrJWB 
HWBilBI-KLfclllcy-h^A'^frBBU 
y ^yMf|T$*t^A'y#l;SoT^5->!) = V 
BBteBB^r^Bi/yavBtrBBLfc. *© 

b, »B*a*iM«M«B«fc§it±»f. y-h^y 

^BB»iBBLfcBfcB»*ftBB*fB* 
LTVB©«J$¥a&iiM£S3l±fl!©i'!> avBttAlc 
tO«. BttftttMBtrBC. l*!SB#B^fc 
jW*UW*fcW-KLfcBfc*-hA*:/*BBU a 
BBtBTS^BBo^WfeKBo-Ci/y 3 vVJftA* 

[0 0 6 4] J f t-ft J:oT»6*lfcjlWti' 9 a 
v¥»*©tt**B2fcjj*f. ^BBBIdsv^-C, y- 
h/^yoHBtt 2 @fi ; fc>ix-cv>5„ 

[006 5] 
[«2] 







tt«0!2 




1. 05 


1 



i*2 : £J§H2, HMm2ti,^l Q®W\±0¥W 
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[00 6 6] 

I0 0 6 7] g*SJ>©*ffllc<fc'K 

[ o o 6 8 ] e>uu is»©jian^+-^^cca 

& § I f ±lf a r t t 5. 
[0 0 6 9] j^y^-s^^icSffll-fttf, 
m^koti^y y a vitKtrit o s L^KA'y tficiwe-e 

[0 0 7 0] SfeC, H^^*WM*»©flW*tt, - 
St^-g-^-frSCirJciOfi'pwc, &&&&&&& 
■TfcifcD. l»fi«)S«t4< LT, Btt©¥*# 

rtjtf-xroB&fc^FgifcO, ilsl©§l±fftSi-5-y--r 
[00 7 1] BttAlcKlt&fifcflUkAfcPME 

j»KKi-5»^Ktt, *i»iftfls*«>iKv^«fHiatJi«> 

[0 0 7 2] Sifeft©R^*t©«JtS5©itS 
[01] *^Wlc«5t>.5^»fl:¥ieS©S®*i£tcfflv^ 



[0 2] ranKfffes^Musaos&^Kfflv' 

6*i5**|ift«JiSSBKiB^*lxfcaeS.©ffiaB50. 

[S3] 0 2 tc^i-aie^©5p®0„ 

[0 4] ^xni^ttbs^ft^AotBetsrac^^ 

m©»^«tt «r^-riftK0„ 

[05104 fcj^HMWW«l©¥ifiBI. 

[0 6] ■4(c9t-¥WfMK*Kt©¥Bag. 

[0 7] 04»c^i-^flclR*m©»rffi0. 

[08] *m\mt>s*mmii!i&<o9i&*m<o-m 



[0 9] *38w»c«t>5^»#¥ieii©iet^jfe©«fe© 

*M»»ffi©«J6XS0. 

[0io] &x<D*mftmte&<7>9m*mcm^ftz 

[011] «3tE©¥«»*iefi©«l3i*»©S!fiiXS 

0o 

[0i2] ^to^m»^^omm^m<o^<ommx 



[tt*©K9U 



1 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 



^gfSSSlif&B 
ffMtffltlMi 



l l ^ 

Ml iRifrtSB 
M2 fiukgB 
M3 
S 

S 1 

S 2 
S 3 



[03] 



[05] 



[06] 



[07] 






-Mi 
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* 



[HI] [19 2] [B4] 




M (e> . (f) 
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[3M&*&1E©] 

[ttWBj ¥f$Ll l¥6fi 1 7 0 (1 9 99. 6. 1 

7) 

[^RffljEl] 

mjE*t*«g«l 00 0 2 

[*fjE#&] SEX 

[00 0 2] 

[¥iffi#iE2] 



MX***!*] 0032 
[0 0321 01 lc^i-«k 5 

zft^<t5¥i^S?l±(fS6fiitt, ^«W<Jii(rtS2tr 
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